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Abstract 
 
In this work, a methodology for using a smartphone camera, in conjunction with a light-tight box 
operating in reflective transmission mode, is investigated as a proof of concept for use as a film 
dosimetry system.  An imaging system was designed to allow the camera of a smartphone to be used 
as a pseudo densitometer.  Ten pieces of Gafchromic EBT3 film were irradiated to doses up to 16.89 
Gy and used to evaluate the effects of reproducibility and orientation, as well as the ability to create 
an accurate dose response curve for the smartphone based dosimetry system, using all three colour 
channels.  Results were compared to a flatbed scanner system.  Overall uncertainty was found to be 
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best for the red channel with an uncertainty of 2.4% identified for film irradiated to 2.5 Gy and 
digitised using the smartphone system.  This proof of concept exercise showed that although 
uncertainties still exceed a flatbed scanner system, the smartphone system may be useful for providing 
point dose measurements in situations where conventional flatbed scanners (or other dosimetry 
systems) are unavailable or unaffordable. 
 
1. Introduction 
 
Radiochromic film dosimetry is used widely across many applications of radiation therapy including 
reference dosimetry, relative dosimetry, phantom based verification measurements, and in vivo 
dosimetry (Devic 2011).  Radiochromic film, such as the Gafchromic EBT series of film 
(International Speciality Products, Wayne, NJ), is especially useful for radiotherapy dosimetry given 
its sensitivity to clinical levels of dose (Cheung et al 2005, Butson et al 2005, Devic 2011).  The 
achievable accuracy and reliability of Gafchromic EBT3 film measurements have been thoroughly 
established, using conventional flatbed scanners as the readout system (Reinhardt et al 2012, Borca et 
al 2013, Sorriaux et al 2013).   
 
In the field of consumer electronics, there has been a dramatic increase in the range and availability of 
two-dimensional digital readout systems over recent decades, from simple charged-coupled device 
chips, to complex digital camera systems.  Today, smartphones that allow clear, high-resolution 
images to be acquired using a built in “camera”, are readily available and affordable.  These 
smartphones are lightweight, portable and user-friendly, and therefore have the potential to enable the 
optical readout of radiochromic film measurements without the use of conventional flatbed scanners.  
 
If smartphone-based radiochromic film dose measurements can be shown to be sufficiently accurate 
and reproducible, then this novel use of a popular device may ultimately support the use of 
radiochromic film measurements in situations where conventional flatbed scanners (or other 
dosimetry systems) are unavailable or unaffordable, such as in low-resource settings.  
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The purpose of the present work is to develop a simple method for using a smartphone for 
radiochromic film readout (using small pieces of Gafchromic EBT3 film), and to evaluate the 
potential accuracy and reproducibility of the resulting measurements.   
 
2. Materials and Methods 
 
2.1. Film irradiation and scanning 
 
Ten pieces of Gafchromic EBT3 film were cut to an approximate size of 1 cm x 1 cm and were 
irradiated using a 6 MV photon beam, while placed at 5 cm depth in a water-equivalent plastic 
phantom, with total volume 15 x 30 x 30 cm
3
, at 100 cm source-to-surface distance. The film was 
irradiated using the following known doses: 0.00, 0.84, 1.68, 2.53, 5.06, 6.75, 8.44, 11.82, 15.20, and 
16.89 Gy.  The placement of each piece of film at the centre of a 10x10 cm
2
 reference field for these 
irradiations allowed the delivered dose to be identified accurately (from standard percentage-depth-
dose data and linac output measurements) and also negated any possible effects of small geometric 
errors in the relative positioning of the film and camera during imaging, as there is negligible dose 
variation over a 1 x 1 cm
2
 area at the centre of a 10 x 10 cm
2
 field, at the chosen measurement depth. 
The doses delivered were selected to span a wide range of likely clinical doses (from low out-of-field 
doses, to standard-fractionation treatment doses, to stereotactic treatment doses).   
 
Images of the irradiated films were acquired using the smartphone’s built-in camera app, which saves 
images in 1152 x 2048 pixel RGB jpeg format (8-bit per colour channel). Images were then accessed 
and transferred to a PC for analysis, using a standard file explorer application. Post-irradiation 
imaging was conducted several weeks after irradiation. 
 
The readout system consisted of a Samsung Galaxy S6 Edge smartphone that was attached to a light-
tight cardboard box.  The Samsung Galaxy S6 Edge model was a SM-G925I and was operated with 
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version 5.0.2 android software. The basic built-in Samsung camera app was used in “Pro” mode, 
which allowed specific ISO and shutter speed setting to be selected via user interface options that 
were similar to many professional and consumer grade digital cameras. Although the selected 
exposure settings were the kept the same whilst all images were acquired, small variations in shutter 
speed were found in the header information (meta-data) when the images were analysed.  Therefore, a 
normalization of each result to a reference shutter speed, shutterref, was performed (as obtained from 
the saved image headers): 
 
𝑅𝑂𝐼𝑚𝑒𝑎𝑛,𝑖,𝐷 =  𝑅𝑂𝐼𝑚𝑒𝑎𝑛,𝑟𝑎𝑤,𝑖,𝐷  ×  
𝑆ℎ𝑢𝑡𝑡𝑒𝑟𝑟𝑒𝑓
𝑆ℎ𝑢𝑡𝑡𝑒𝑟𝑖,𝐷
   (1) 
 
where ROImean,is the shutter speed corrected mean pixel value in a region of interest for colour channel 
i and dose D, ROImean,raw is the uncorrected mean pixel value for the region of interest, and shutteri,D is 
the shutter speed for the image of interest.  
 
The light-tight cardboard box measured 17cm x 12cm x 6cm, and had two holes cut in it, to coincide 
with the position of the smartphone lens and flash, as shown in figure 1.  The light-tight box was lined 
with white paper to maximise diffuse reflection.  During operation, each film piece was fixed over the 
hole cut for the lens (on the inside of the light-tight box) and then the smartphone was attached to the 
outside of the light-tight box with its camera and flash facing the light-tight box.  The entire system 
operated in a “reflective transmission” mode whereby light from the camera flash would reflect off 
the internal surfaces of the light-tight box, and then transmit through the film piece and into the 
smartphone camera lens.  This entire system will be referred to as the “smartphone camera system”. 
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Figure 1.  Smartphone camera system end-view schematic (Left, not to scale) and side-view 
photograph of actual setup (Right).  The smartphone is oriented with its camera/flash facing towards 
the light-tight box. 
 
Films were also scanned on an Epson 11000XL (Espon Corporation, Suwa, Japan) flatbed scanner 
using the same handling, methodology, and analysis as used by Kairn et al (2010) and Aland et al 
(2011).  This methodology essentially uses both pre- and post- irradiation scans (16-bit RGB images) 
to determine netOD on a pixel by pixel basis.  This system will be referred to as the “flatbed scanner 
system”. These measurements allowed the performance of the smartphone system to be directly 
benchmarked against the performance of a well-known, conventional scanner system. 
 
Image noise was evaluated for a single set of images for each dose for both the smartphone camera 
and flatbed scanner systems.  Noise was calculated as the standard deviation of dose within each ROI 
expressed as a percentage of the mean dose within the same ROI.  
 
To assess the sensitivity of the smartphone system to film orientation effects, which are known to 
have a substantial effect on the results produced using flatbed scanner systems (Borca et al 2013, 
Sorriaux et al 2013, Moylan et al 2013, Van Battum et al 2016), a subset of the film pieces were used. 
These were imaged using the smartphone system five times in each of two orientations – portrait and 
landscape, using each colour channel for subsequent analysis. 
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To assess the reproducibility (short term and long term) of the smartphone camera system, 20 
measurements of each film piece were taken on each of 5 consecutive days (ie. 100 images total per 
film piece) using each colour channel.  Between each day, the smartphone was completely removed 
from the light-tight box.  Prior to taking any images, 5 “warmup” images were taken as a 
precautionary measure (based on existing flatbed scanner based protocols) and discarded. 
 
2.2. Analysis 
 
From the images, the central 40 x 40 pixel ROI (10 x 10 pixel region for the flatbed system) from 
each colour channel (red, green, and blue) was extracted using imageJ software (National Institute of 
Health, Bethseda, USA).  These are denoted ROImean,raw,red, ROImean,raw,green, and ROImean,raw,blue 
respectively.  Following the shutter speed normalisation, as shown in equation 1, the results were then 
converted to net optical density (netOD) using equation 2. 
 
𝑛𝑒𝑡𝑂𝐷𝑖,𝐷 = 𝑙𝑜𝑔 (
𝑅𝑂𝐼𝑚𝑒𝑎𝑛,𝑖,0.00𝐺𝑦
𝑅𝑂𝐼𝑚𝑒𝑎𝑛,𝑖,𝐷
)   (2) 
 
Once netOD was obtained, fitting functions could then be created using equation 3 as described by 
Devic (2011). 
 
𝐷𝑜𝑠𝑒𝑖(𝐺𝑦) = 𝑎(𝑛𝑒𝑡𝑂𝐷𝑖,𝐷)
𝑛
+ 𝑏(𝑛𝑒𝑡𝑂𝐷𝑖,𝐷)   (3) 
 
where a, b, and n are fitting coefficients.  Subsequently, this will be referred to as the “non-linear” 
fitting method.  Additionally, a linear fit (excluding an intercept variable) was applied to the data from 
the smartphone system, and will be referred to as the “linear” fitting method.  
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All data was converted to dose using the non-linear calibration curves generated from the first day 
data, therefore all results and uncertainties shown are in Gray, not netOD.  
 
Overall uncertainty analysis was performed using the same formalism as used by Aland et al (2011).  
The fitting function uncertainty, σ, was evaluated using equation 4. 
 
𝜎 =  √𝑆𝑜𝑆 𝐷𝑜𝐹⁄    (4) 
 
Where SoS is the sum of the squares of the differences between individual data points, and DoF is the 
degrees of freedom being the number of data points in the fit minus the number of variables in the 
fitting equation. 
 
3. Results 
 
Image noise results are shown in table 1 for both systems and as a function of delivered dose.  As 
expected, the noise decreases with increasing dose for both systems.  Overall, the smartphone system 
has greater noise compared to the flatbed system, which is somewhat expected given the flatbed is a 
dedicated scanning system, whereas the smartphone is not.   
  
Table 1.  Image noise as a function of dose for the smartphone camera and flatbed scanner. 
Dose 
(Gy) 
Smartphone camera flatbed scanner 
Red (%) Green (%) Blue (%) Red (%) Green (%) Blue (%) 
0.84 5.8 5.9 8.5 1.7 2.6 6.4 
1.68 2.9 3.0 4.7 0.8 1.4 2.4 
2.53 1.7 2.3 3.6 0.9 1.0 1.9 
5.06 1.9 1.3 1.9 1.0 1.1 1.9 
6.75 1.6 1.2 1.5 0.8 0.7 1.1 
8.44 1.6 1.0 1.3 0.8 0.8 1.2 
11.82 1.4 0.6 0.8 1.7 1.9 2.4 
15.2 1.7 0.7 0.6 0.8 0.7 1.2 
16.89 1.4 1.0 0.5 1.1 0.8 1.4 
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Dose response curves are shown in Figure 2.  For comparison, results for the same set of films 
scanned using the flatbed scanner system are also shown.  The red channel shows the greatest dose 
sensitivity overall.  In all three colour channels, figure 2 shows that greater saturation occurs in 
flatbed scanners at higher doses than in the smart phone, although the flatbed scanner system appears 
to be more sensitive in the low dose region. 
 
Figure 2. Dose response curves for all colour channels using day 1 data.  Solid symbols represent the 
smartphone results whereas open symbols represent those acquired using a flatbed scanner.  
Uncertainty bars have been omitted for clarity.  
 
Fitting functions, using the two methods described in the materials and methods sections (non-linear 
and linear), were created using the calibration data obtained using the smartphone and the resulting 
fitting uncertainties, σ, are shown in Table 2.  Two sets of data are presented, one for the full dose 
range (up to 16.89 Gy) and one for a reduced dose range (up to 5.06 Gy).  For comparison, the fitting 
function uncertainties resulting from the use of the flatbed scanner system are also shown in table 2, 
for the non-linear calibration functions only as the dose response measured using the flatbed scanner 
system was clearly non-linear for all colour channels (see figure 2). 
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Table 2.  Fitting function results for two calibration methods across two dose ranges, in Gray. 
Readout system Calibration Method Dose Range 
Fit uncertainty, σ (Gy) 
RED GREEN BLUE 
Scanner Non-Linear Full 0.147 0.076 0.095 
Smartphone Non-Linear Full 0.126 0.327 0.240 
Smartphone Linear Full 1.052 0.279 0.231 
Scanner Non-linear Reduced 0.020 0.022 0.036 
Smartphone Non-Linear Reduced 0.046 0.111 0.206 
Smartphone Linear Reduced 0.065 0.177 0.234 
 
Reproducibility was assessed for each film piece for all three colour channels within each day (short 
term) as well as across all five days (long term), and are presented in Table 3.  The results represent 
one standard deviation expressed as a percentage of the local dose.  The short term results presented 
here are the means of the short term results for each day, whereas the long term results are one 
standard deviation of the mean doses from each of the five days. 
   
Table 3.  Short term and long term reproducibility results for each colour channel using the 
smartphone camera system.  The results represent one standard deviation expressed as a percentage of 
the local dose. 
 Short term reproducibility Long term reproducibility 
Dose (Gy) Red (%) Green (%) Blue (%) Red (%) Green (%) Blue (%) 
0.84 2.1 3.8 4.7 2.5 1.1 3.5 
1.68 1.3 1.7 2.2 1.4 1.2 3.0 
2.53 0.5 0.5 0.8 1.6 1.9 1.5 
5.06 0.8 0.8 1.1 1.9 1.1 0.7 
6.75 1.0 1.1 1.1 2.9 1.0 2.1 
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8.44 0.6 0.6 0.6 1.5 0.8 1.0 
11.82 0.5 0.4 0.3 2.4 0.4 0.9 
15.20 0.8 0.2 0.1 1.8 0.4 0.9 
16.89 0.7 0.2 0.2 1.5 0.7 0.8 
 
Results of ANOVA (analysis of variance) testing of data, across all five days based on colour channel 
and dose, showed that there was a statistically significant difference (p < 0.05) between the means and 
that an adverse long term reproducibility effect exists for all doses and all colour channels, when 
readout was performed using the smartphone camera system.  
 
For comparison, summarised reproducibility results using the flatbed scanner system are presented in 
Table 4 along with summarised smartphone camera system data from Table 3, expressed as a 
percentage relative to the local dose.   
 
Table 4.  Summarised reproducibility data for both the smartphone camera and flatbed scanner 
systems.  The range of short term and long term (in brackets) results are presented. 
Readout system RED (%) GREEN (%) BLUE (%) 
Smartphone camera 0.5-2.1 (1.4-2.9) 0.2-3.8 (0.4-1.9) 0.1-4.7 (0.7-3.5) 
Flatbed scanner 0.1-0.4 (0.7-2.1) 0.1-0.7(0.5-3.5) 0.3-1.7 (0.7-2.8) 
 
Results for orientation effects (portrait versus landscape) for four doses and for each colour channel 
are shown in Table 5 and represent dose differences expressed as a percentage of the local dose.  
Maximum differences were generally found above 5 Gy with differences for the red, green and blue 
channels being 1.9%, 2.5%, and 2.5% respectively. 
 
Table 5.  Effect of film orientation for each colour channel for five film pieces.  Results are expressed 
as a percent of the difference relative to the local dose. 
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Dose (Gy) Red (%) Green (%) Blue (%) 
1.68 0.9 1.0 0.3 
5.06 0.1 2.5 2.5 
11.82 1.9 0.4 0.4 
15.2 1.9 0.2 0.8 
 
Combining the short term and long term reproducibility, along with the fitting uncertainty (expressed 
as a percent of local dose), in quadrature, yields the total dose uncertainty for the system.  These 
results, expressed as a percentage of the local dose, are presented in Table 6.  The dose range for each 
result reflects the increasing local dose uncertainty as the dose decreases.  For these results, only the 
reproducibility uncertainty and the “non-linear reduced” fitting uncertainty results have been used. 
 
Table 6.  Range of total uncertainties for both the smartphone camera system and the flatbed system. 
 Smartphone camera Flatbed scanner 
Dose (Gy) Red (%) Green (%) Blue (%) Red (%) Green (%) Blue (%) 
0.84 6.4 13.8 25.2 3.2 4.4 21.1 
1.68 3.3 6.9 12.8 1.6 2.2 3.9 
2.53 2.5 4.5 8.3 1.2 1.6 2.6 
5.06 2.3 2.6 4.3 0.9 1.0 1.7 
6.75 3.1 2.2 3.8 0.9 1.0 1.5 
8.44 1.7 1.7 2.7 0.8 0.8 1.2 
11.82 2.5 1.1 2.0 0.8 0.6 1.0 
15.20 2.0 0.9 1.6 0.7 0.5 0.8 
16.89 1.7 1.0 1.5 0.9 0.6 0.8 
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For a nominal dose of 2.53 Gy, the total dose uncertainties for the smartphone camera system are 
2.4%, 4.7%, and 8.3% for the red, green, and blue colour channels respectively.  By comparison, the 
same total dose uncertainties for the flatbed scanner system are 1.2%, 1.6%, and 2.6%, respectively.  
 
4. Discussion 
 
Noise within the smartphone system was shown to be greater than that for the flatbed system.  
Possible reasons for this include the reduced dynamic range of the smartphone system, as well as the 
fact that it is operating only as a pseudo densitometer.  Efforts to reduce the noise for lower doses 
with the smartphone system should be the subject of future studies. 
 
Compared to the flatbed scanner system, the smartphone camera system exhibited similar long-term 
reproducibility and poorer short-term reproducibility for all colour channels, suggesting that both 
systems are similarly sensitive to slight changes in ambient light or temperature, while the smartphone 
is more sensitive to internal warmup effects or variations in electronic noise.  
 
The smartphone was also shown to be relatively insensitive to the effects of film orientation during 
imaging. The results shown in table 5 show a maximum variation due to scanning orientation of 1.9 % 
in dose as seen at 15.2 Gy (and less than 1.0% variation in dose at 5 Gy and below) for the red 
channel.  These results are significantly less than those reported for flatbed scanners with results of up 
to 4.5% (netOD) being reported for doses of 4 Gy delivered using Gafchromic EBT3 film (Borca et al 
2013, Sorriaux et al 2013, Moylan et al 2013, Van Battum et al 2016).  This unique behaviour can be 
explained by the fact that the light source in the smartphone is a diffuse source and therefore does not 
exhibit the same polarisation effects that have been demonstrated in flatbed scanners (Butson et al 
2003).  Furthermore, the smartphone camera system does not contain a system of mirrors used to 
reflect light to a charge coupled device (CCD) which has also been shown to enhance the effects of 
polarisation (Van Battum et al 2016).   
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Overall, the smartphone system was able to produce measurements with acceptable dosimetric 
accuracy (mostly within 2-3% of known doses) when a non-linear calibration was used to analyse red-
channel images of film irradiated with doses between 2 and 17 Gy (see table 6).  Even when 
measuring low or out-of-field doses, the absolute uncertainties in the red-channel smartphone 
measurements are small; the largest difference measured (see table 6) was 6.4% for an 84 cGy 
delivered dose, which amounts to an error of 5 cGy. This result suggests that the smartphone system is 
a potentially useful tool for evaluating point dose measurements from radiotherapy treatments across a 
wide range of standard and hypo-fractionated prescription doses. 
 
The use of radiochromic film to obtain point dose measurements has many potential applications. 
Although numerous publications have described the use of radiochromic film for measuring two-
dimensional dose maps and one-dimensional dose profiles (Kairn et al 2011, Kairn et al 2016), 
radiochomric film is often used clinically for more-routine measurements of dose at specific points.  
 
Radiochromic film is known to produce accurate measurements when cut to very small sizes (Moylan 
et al 2013) and can therefore be used for in vivo dosimetry applications including measurements of 
entry dose (with and without bolus or dressings or masks) and exit dose (with and without 
immobilisation equipment). Even in situations where two dimensional measurements are made, the 
key results of interest are often reported as point doses.  
 
Examples include studies of imaging dose (Aland et al 2016), out-of-field doses to implanted 
electronic devices (Peet et al 2017) for small-field dosimetry (Morales et al 2016) and verifying the 
small-field-dose response of other types of dosimeters (Cranmer-Sargison et al 2011, Underwood et al 
2015, Tyler et al 2016). Smartphone based film dosimetry has the potential to provide a useful 
temporary solution for researchers and radiotherapy centres considering implementing film dosimetry 
programmes, trialling routine in vivo dosimetry methods, undertaking specific examinations of their 
other field dosimeters. 
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Clearly the ability to obtain one- and two-dimensional measurements using radiochromic film is 
highly desirable, and the use of desktop flatbed scanners remains the most straightforward and 
accurate methods of doing so.  However, the portability and availability (even in low-resource 
settings) of smartphones and other small devices capable of digital imaging means that the general 
method proposed in this work may be usefully applied in certain situations.   
 
One such situation may include in-vivo dosimetry and point dose verification measurements in 
developing countries where a flatbed scanner may not be within a departments budget, but a single 
sheet of radiochromic film can be easily borrowed or shared between departments. Note that a single 
20 x 25 cm
2
 sheet of Gafchromic film can be cut into five-hundred 1x1 cm
2
 pieces.  Another example 
may include a situation where assistance is being given in a remote or isolated location where local 
equipment is limited and equipment is too costly to transport.  A trade-off between result uncertainty 
and having a quick result (which may then be acted upon) may prove in favour of a smartphone based 
solution. 
 
The intention of this feasibility study is to inspire future work.  Alternative types of smartphones 
should be tested as they will undoubtedly have differing optical and image processing systems to that 
of the smartphone investigated in this study.  Additionally, alternative types of film analysis 
techniques could be used to investigate dose measurement accuracy and reproducibility as well as 
additional image parameters such as noise and field of view.  The use of a smartphone (or other 
portable electronic device) for film dosimetry could be broadened to include measurements of small 
dose planes or profiles, for example, by investigating the use of the system in a reflective mode as 
opposed to a reflective transmission mode.   
 
With a similar imaging setup, the use of the smartphone system could be extended to include the 
evaluation or simple recording of linac and multi-leaf collimator quality assurance films, such as from 
spoke-shot, picket-fence, inter-leaf and abutting-leaf leakage or quadrant field tests. These tests, and 
15 
 
many others, could and should be enabled through the design of specific software applications (or 
smartphone apps) to produce automatic analysis of results with minimal user effort. 
 
5. Conclusions 
 
In this proof of concept study, we devise a methodology to use a smartphone camera as a film 
dosimetry system and investigate its use for the readout of irradiated Gafchromic EBT3 film.  Results 
showed that the smartphone camera system has both a short term and long term reproducibility effect.  
The orientation effect of the system was small and was much less when compared to a flatbed scanner 
system.  Results were 1.9% and 2.5% for the red channel and green/blue channels respectively, being 
approximately 4 times less than a flatbed scanning system.  For a nominal dose of 2.53 Gy, the total 
dose uncertainties for the smartphone camera system were found to be 2.4%, 4.7%, and 8.3% for the 
red, green, and blue colour channels respectively. 
 
Although overall uncertainties were greater for the smartphone camera system, than for the flatbed 
scanner, it has been shown that a smartphone camera still has potential for use in film dosimetry.  As 
smartphone camera technology improves into the future, so to may its accuracy for applications in 
film dosimetry.  
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